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INTERPOSERS FOR SEMICONDUCTOR
DEVICES AND METHODS OF
MANUFACTURE THEREOFK

BACKGROUND

Semiconductor devices are used 1n a variety of electronic
applications, such as personal computers, cell phones, digital
cameras, and other electronic equipment, as examples. The
semiconductor industry continues to improve the itegration
density of various electronic components (e.g., transistors,
diodes, resistors, capacitors, etc.) by continual reductions 1n
mimmum feature sizes of integrated circuits (ICs), which
allow more components to be integrated into a given area.
These smaller electronic components also require smaller
packages that utilize less area than packages of the past, in
some applications.

One type of smaller packaging that has been developed 1s
three-dimensional (3D) ICs, 1n which two die or ICs are
bonded together and electrical connections are formed
between the die and contact pads on an interposer. Some
3DICs utilize through-silicon vias to make connections from
one side to another side of the interposer.

Fuses are devices that are sometimes formed on semicon-
ductor devices that may be programmed using a laser, by
directing a laser beam at the fuse from the top or bottom of the
semiconductor device. Fuses may be used to alter I1Cs by
connecting or disconnecting redundant circuits or memory

cells, to repair the ICs or increase the number of usable ICs on
a water, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, and the advantages thereol, reference 1s now made to the
tollowing descriptions taken 1n conjunction with the accom-
panying drawings, in which:

FIG. 1 shows a cross-sectional view of an interposer
including a plurality of fuses coupled to a single contact pad
in accordance with an embodiment of the present disclosure;

FIG. 2 1s a top view of a conductive segment including a
fuse of the interposer shown in FIG. 1;

FIG. 3 1s a cross-sectional view of the interposer of FIG. 1,
including bumps coupled to contact pads and bond pads on
the 1interposer;

FI1G. 4 1s a cross-sectional view of packaged semiconduc-
tor device including the iterposer shown 1n FIG. 3;

FI1G. 5 1s a flow chart illustrating a method of manufactur-
ing an interposer in accordance with an embodiment;

FIG. 6 shows a cross-sectional view of an interposer in
accordance with an another embodiment of the present dis-
closure;

FI1G. 7 1s a bottom view of a portion of the interposer shown
in FIG. 6;

FIG. 8 1s a top view of a portion of the interposer shown in
FIG. 6;

FIG. 9 shows a cross-sectional view of the interposer
shown 1n FI1G. 6 after a laser has been used to program one of
the fuses:

FI1G. 10 1s a top view of a conductive segment including the
programmed fuse shown 1n FIG. 9; and

FIGS. 11 and 12 show schematic representations of fuses
of embodiments of the present disclosure, before and after
programming, respectively, and

FIG. 13 illustrates a third fuse and third through-via in

Cross-sectional view.
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Corresponding numerals and symbols 1n the different fig-
ures generally refer to corresponding parts unless otherwise
indicated. The figures are drawn to clearly illustrate the rel-

evant aspects of the embodiments and are not necessarily
drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(1]

The making and using of the embodiments of the present
disclosure are discussed in detail below. It should be appre-
ciated, however, that the present disclosure provides many
applicable inventive concepts that can be embodied 1n a wide
variety ol specific contexts. The specific embodiments dis-
cussed are merely 1llustrative of specific ways to make and
use the disclosure, and do not limit the scope of the disclosure.

Embodiments of the present disclosure are related to pack-
ages for semiconductor devices that utilize an interposer as a
component, such as 3DICs. Structures and methods of form-
ing interposers that include a plurality of fuses coupled to a
single contact or bump of the interposers will be described
herein.

Referring first to FIG. 1, a cross-sectional view of an inter-
poser 100 including a plurality of fuses 120a and 12056 1n
accordance with an embodiment of the present disclosure 1s
shown. The interposer 100 includes a substrate 102, and a
contact pad 112 disposed on the substrate 102. A (first
through-via 1084 and a second through-via 1085 1n the sub-
strate 102 are coupled to the contact pad 112. A first fuse 120aq
1s coupled to the first through-via 108a, and a second fuse
12056 1s coupled to the second through-via 108. Only one
contact 112 1s shown 1n FIG. 1 (and also in FIGS. 3, 6, and 7);
however, 1n accordance with embodiments of the present
disclosure, a plurality of contacts 112 may be formed over a
surface ol the substrate 102. There may be dozens or hundreds
of contacts 112, through-vias 108a and 1085, and tuses 120q
and 12056 formed across the surface of a substrate 102,
depending on the application and size of an integrated circuit
die 130 (not shown 1n FIG. 1; see FIG. 4), for example.

Referring again to FIG. 1, to manufacture the interposer
100, the substrate 102 1s provided. The substrate 102 may be
formed of a semiconductor material, such as silicon, silicon
germanium, silicon carbide, gallium arsenide, or other com-
monly used semiconductor materials. Alternatively, the sub-
strate 102 may be formed of a dielectric material. In some
embodiments, the substrate 102 1s substantially free from
integrated circuit devices, including active devices, such as
transistors and diodes. Furthermore, in some embodiments,
the substrate 102 may include, or may be free from, passive
devices, such as capacitors, resistors, inductors, varactors,
and/or the like.

A plurality of through-substrate vias (ITSVs) 108a and
10856 1s formed onthe substrate 102. The TSVs 108a and 1085
extend entirely through the substrate 102, as shown. The
TSVs108a and 1085 are conductive and provide a connection
from a first side 104 of the interposer substrate 102 to a second
side 106 that 1s opposite the first side 104. The TSVs comprise
a conductive material such as a metal, a semiconductive mate-
rial such as silicon, or combinations or multiple layers
thereof, for example. The TSVs 108a and 1085 are also
referred to herein as through-vias 108a and 1085.

An interconnect structure 110 1s formed over substrate 102
proximate the second side 106 of the substrate 102. The
interconnect structure 110 includes one or more insulating

material layers 122, and conductive lines 160aq, 1605, and
160c and vias 162a, 162b, 162¢, 164a, and 1645 (not shown

in FIG. 1; see FIG. 6, to be described further herein) formed
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in the insulating matenal layer(s) 122. The various layers of
the interconnect structure 110 may be formed using subtrac-
tive etching, direct etching, damascene lithography tech-
niques, and/or combinations thereot, as examples. The inter-
connect structure 110 may comprise and 1s also referred to
herein as a redistribution layer (RDL), for example. At least
some of the through-vias 108a and 1085 are electrically
coupled to the RDL 110. The RDL 110 may include fan-out

regions (not shown) for fanning-out the exterior connections
of an 1ntegrated circuit die 130 (see FIG. 4) to a larger foot-
print on the first side 104 of the substrate 102, in some

embodiments.

The RDL 110 includes a plurality of fuses 120a and 12056
tormed therein. The fuses 120a and 1205 may be a part of
conductive segments 114a and 1145, respectively, as shown
in FIG. 1 and also 1n FIG. 2 1n a top view. Conductive seg-
ments 114aq and 1145 may comprise aluminum or an alumi-
num alloy 1n some embodiments. Alternatively, conductive
segments 114a and 1145 may comprise other metals and/or
materials suitable for a fuse 120¢ and 1205 matenal, for
example. Conductive segments 114q and 1145 each include a
connecting region 116a/118a and 11656/1185 disposed at
cach end, respectively. The fuses 120a and 1205 are disposed
between the connecting regions 116a/118a and 11656/118b of
cach conductive segment 114a and 1145H, respectively. The
conductive segments 114a and 1145 may be formed in an
upper layer or a top layer of the RDL 110, for example, in
some embodiments. Alternatively, the conductive segments
114a and 1145 may be formed 1n a lower layer of the RDL
110, in other embodiments, not shown.

The fuses 120aq and 1205 comprise a dimension d; com-
prising a width of about 30 um 1n a top view, although alter-
natively, the fuses 120q and 12056 may comprise other dimen-
sions. In some embodiments, dimension d, may comprise a
mimmum feature size of the interposer 100, for example. The
connecting regions 116a/118a and 1165/1185 may comprise
a width that 1s greater than the width d, of the fuses 1204 and
12056. The connecting regions 116a/118a and 1165/118b may
be about 3 to 4 times wider than dimension d, of the width of
the fuses 120aq and 12056, as an example. Alternatively, the
connecting regions 116a/118a and 1165/1185 may be larger
or smaller than about 3 to 4 times wider than dimensiond,, 1n
some embodiments. Connecting regions 116a and 1165 may
comprise regions for making connection to through-vias
108a and 1085H, for example, and thus connecting regions
116a and 11656 may comprise a dimension substantially the
same as or larger than a width of a through-via108a and 1085,
respectively. Connecting regions 118a and 1186 may com-
prise a region for making electrical connection to an inte-
grated circuit die 130 (see FIG. 4) e.g., by bumps 124a and
1245 (see FI1G. 3), respectively, in some embodiments. Con-
necting regions 118a and 1186 may comprise bond pads in
some embodiments, for example.

A contact pad 112 1s disposed on the substrate 100 on the
first side 104. The contact pad 112 may be formed using
subtractive etching, direct etching, and/or damascene lithog-
raphy techniques, as examples. The contact pad 112 may
comprise a metal adapted to be coupled to a bump 126, as
shown 1n FIG. 3. A first through-via 108a in the substrate 102
1s electrically coupled to the contact pad 112. A first fuse 120a
1s electrically coupled to the first through-via 108q, e.g., by
connecting region 116a of the conductive segment 114a. A
second through-via 1085 1n the substrate 102 1s electrically
coupled to the contact pad 112. A second fuse 1205 1s elec-
trically coupled to the second through-via 1085, ¢.g., by con-
necting region 1165 of the conductive segment 1145.
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After the formation of the RDIL 110 and contact 112,
bumps 124q and 1245 may be coupled to connecting regions
118a and 1185b of the conductive segments 114a and 1145,
respectively, and a bump 126 may be formed on contact pad
112, as shown 1n FIG. 3 1n a cross-sectional view. The bumps
124a, 124b, and 126 may comprise solder bumps, such as
cutectic solder bumps. Alternatively, bumps 124a, 1245, and
126 may comprise copper bumps or other metal bumps
formed of gold, silver, nickel, tungsten, aluminum, other met-
als, and/or alloys thereof. Bumps 126 may comprise Con-
trolled Collapse Chip Connection (C4) bumps used in semi-
conductor interconnection techniques such as tlip chip, for
example. Bumps 126 are larger than bumps 124a and 1245 1n
some embodiments. The bumps 124a and 1245 may protrude
from the surface of interconnect structure or RDL 110 on the
second side 106, and bump 126 may protrude from the sub-
strate 102 on the first side 104, as shown. A solder mask (not
shown) may be formed over the first side 104 and/or the
second side 106 belfore the formation of the bumps 124a,
1245, and/or 126 to protect the bump material from forming
in undesired regions, for example.

Bumps 124aq and 1245 may comprise micro-bumps in
some embodiments, for example. Each bump 124a and 1245
may 1include an optional metal stud that may comprise copper,
a copper alloy, or other metals, and solder formed over the
metal stud. The bumps 124aq and 124b6 may alternatively
comprise other materials. The metal studs of the bumps 124a
and 1245 may be formed of any suitable conductive material,
including Cu, N1, Pt, Al, combinations thereof, and may be
formed through any number of suitable techniques, including
PVD, CVD, electrochemical deposition (ECD), molecular
beam epitaxy (MBE), atomic layer deposition (ALD), elec-
troplating, and the like. An optional conductive cap layer may
be formed between the metal stud and the solder of the bumps
124a and 1245, also not shown. For example, 1n an embodi-
ment 1 which the metal stud 1s formed of copper, a conduc-
tive cap layer formed of nickel may be desirable. Other mate-
rials, such as Pt, Au, Ag, combinations thereof, or the like,

may also be used for the optional conductive cap layer of the
bumps 124a and 1245b.

The bumps 124a, 1265, and 126 (and also bumps 126¢
shown 1n FIG. 7) may also be referred to herein as a first
bump, a second bump, and/or a third bump, depending on the
order of introduction 1n a particular bump 1244q, 1265, and
126 section or description, and also i the claims, for
example.

The bumps 124a, 1265, and 126 may be formed 1n a periph-
eral region of an interposer 100 and may be arranged in one or
more rows in the peripheral region. As an example, the bumps
124a, 1265, and 126 may be arranged in three rows on each
side of the interposer 100, respectively, along an interposer
100 edge or corners. The bumps 124a, 1265, and 126 may
alternatively be arranged 1n other patterns and may be posi-
tioned in other locations. Other embodiments may utilize
aspects with bumps 124a, 1265, and 126 along interior por-
tions of an interposer 100, for example. The placement of the
bumps 124a, 1265, and 126 are provided for illustrative pur-
poses only and the specific locations and patterns of the
bumps 124a, 1265, and 126 on the first side 104 and the
second side 106 may vary and may include, as examples, an
array ol bumps, lines of bumps in a middle region of the
interposer 100, or staggered bumps.

Embodiments of the present disclosure include packaged
semiconductor devices that have been packaged using the
novel interposers 100 described herein. FIG. 4 1s a cross-
sectional view of packaged semiconductor device 136 includ-
ing the mterposer 100 shown in FIG. 3. Contacts 131 of the
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integrated circuit die 130 are electrically coupled to the
bumps 124 (which comprise bumps 124aq and 1245 shown in
FIG. 3) of the interposer 100. The die 130 may be placed on
the interposer 100 and a solder reflow process may be per-
formed to attach the die 130 to the interposer 100 and make
the electrical connections, for example. The solder reflow
process reflows the solder of the bumps 124 and electrically
couples the die 130 to the interposer 100. Before the solder
retflow process, the die 130 may be attached to the interposer
100 using an adhesive, or the solder may also function as a
mechanical attachment to the interposer 100. The bumps 124
may be coupled to contacts 131 of the integrated circuit die
130 using a solder process, solder retlow process, and/or
thermal compression bonding, as examples. Alternatively,
other methods may be used to electrically connect the inte-
grated circuit die 130 to the mterposer 100. Note that bumps
126 may be formed after the attachment of the integrated
circuit die 130 to the interposer 100 1n some embodiments, for
example.

An under-fill material 132 may optionally be disposed
under the integrated circuit die 130, as shown. The under-ill
material 132 may comprise a filler, an epoxy, a hardener, or
multiple layers or combinations therecof, as examples,
although alternatively, the under-fill material 132 may com-
prise other materials. The under-fill material 132 may com-
prise a material with a viscosity sufficient to tlow at least
partially, and 1n some embodiments, to flow completely
beneath the integrated circuit die 130, for example.

An optional molding compound 134, shown 1n phantom 1n
FIG. 4, may optionally be disposed over the integrated circuit
die 130 and the interposer 100. The molding compound 134
may comprise an epoxy, a filler, an organic material, or mul-
tiple layers or combinations thereof, for example, although
the molding compound 134 may also comprise other materi-
als. The molding compound 134 may extend above a top
surface of the integrated circuit die 130 by about 10 um or
greater, for example. If the mtegrated circuit die 130 1s large,
a greater amount of molding compound 134 may be used, to
provide more robustness for the package, in some embodi-
ments.

The packaged semiconductor devices 136 are singulated,
at scribe lines or singulation lines, and the packaged semi-
conductor devices 136 are separated from one another. The
packaged semiconductor devices 136 may then be connected
to external circuitry (not shown) using bumps 126. The bumps
126 may be coupled to a substrate, a printed circuit board
(PCB), another integrated circuit die, or other applications, as
examples, not shown. As one example, the packaged semi-
conductor device 136 may be placed onto an organic substrate
or other external circuitry having a matching pad layout to the
bumps 126, and the solder of the bumps 126 may be reflowed,
completing the interconnect.

Embodiments of the present disclosure also include meth-
ods of forming the interposers 100. For example, FIG. 5 1s a
flow chart 140 illustrating a method of manufacturing an
interposer 100 i1n accordance with an embodiment. The
method includes providing a substrate 102 (step 142), and
forming a plurality of through-vias 1084 and 1085 in the
substrate 102 (step 144). A redistribution layer (RDL) 110 1s
formed over the substrate 102 (step 146), the RDL 110 includ-
ing a plurality of fuses 120aq and 1205 formed therein, each
tuse 120q and 1206 being coupled to one of the plurality of
through-vias 108a and 1085. The method includes coupling a
contact pad 112 to at least two of the plurality of through-vias
108a and 1085 coupled to the fuses 120a and 1205 (step 148).
A first bump 126 1s coupled to the contact pad 126 (step 152),
and a second bump 124q and 1245 1s coupled to each of the
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6

plurality of fuses 120a and 1205 (step 150). Note that the
order of steps 146 and 148, and steps 150 and 152, of the tlow
chart 140 need not necessarily be performed in any order or 1n
the order shown 1n the tlow chart 140 1n some embodiments.

The methods of forming the interposers 100 1n accordance
with an embodiment may optionally also include coupling
cach fuse 120a and 1205 to one of the plurality of through-
vias 108a and 1085 using at least one conductive line 160aq,
1605, and 160c¢, at least one via 162a, 1625, 164a, and 1645,
or a combination thereof disposed in the substrate 102, to be
described further herein with reference to FIG. 6.

Additional matenial layers may also be formed over the
substrate 102 of the interposer 100 1n accordance with other
embodiments. For example, FIG. 6 shows a cross-sectional
view of an interposer 100 1n accordance with another embodi-
ment of the present disclosure that includes a plurality of
optional additional matenal layers. Like numerals are used to
describe the various elements, and to avoid repetition, each
clement 1s not described again herein.

An sulating matenal layer 122a 1s formed over the sub-
strate 100 before holes are filled 1n the substrate 100 to form
the through-vias 108a and 1085. Insulating matenal layer
1225 includes a plurality of conductive lines 160a, 1605, and
160c with vias 162a and 1625 disposed between each con-
ductive line 160a, 1605, and 160c¢ layer coupled to the con-
ductive lines 160q, 1605, and 160c.

Conductive lines 160a may be formed 1n an M1 metalliza-
tion layer, vias 162a may be formed in a V1 metallization
layer, conductive lines 1606 may be formed 1n an M2 metal-
lization layer, vias 16256 may be formed 1n a V2 metallization
layer, and conductive lines 160c may be formed 1 an M3
metallization layer, for example. Alternatively, the conduc-
tive lines 160a, 1605, and 160¢ and vias 162a and 1625 may
be formed 1n other metallization layers of the interposer 100.
Vias 164a and 164b are formed beneath connecting regions
116a and 1165 of the conductive segments 114a and 1145,
respectively, within insulating material layer 122¢. An under-
ball metallization (UBM) structure 166 may be formed over
the conductive segments 114a and 11456 and 1nsulating mate-
rial layer 122¢. The UBM 166 includes conductive lines 168
comprising a metal formed within and over portions of 1nsu-
lating material layer 1224. The UBM 166 1s optional and
facilitates the formation of the bumps 124a and 1245.

The insulating matenal layers 122a, 1225, 122¢, and 122d
may comprise silicon dioxide, undoped silicon glass (USG)
oxide, or other insulators, and the conductive lines 160a,
16056, 160¢, and 168 and vias 162a, and 16256 may comprise
copper, copper alloys, or other conductors, as examples. Vias
164a and 1645 and conductive segments 114a and 1145 may
comprise aluminum, an aluminum alloy, or other metals, as
examples. Optional etch stop layers, not shown, may be
formed between each isulating material layer 122a, 1225,
122¢, and 122d. The etch stop layers may comprise S1C, S1N,
or other insulating materials.

FIG. 7 1s a bottom view of a portion of the iterposer 100
shown 1n FIG. 6. A third bump 124¢ formed elsewhere on the
interposer 100 1s visible in phantom above the bump 126
formed on the contact pad 112. The third bump 124c¢ 1s also
coupled to a third fuse that 1s part of a third conductive
segment, not shown 1n FIG. 6. FIG. 13 illustrates 1n cross-
sectional view a third bump 124¢ coupled to a third fuse
1220¢ by way of a third through-via 108c. Likewise, greater
than three bumps and fuses may be electrically coupled above
the bump 126, e.g., four or more bumps 126 and fuses 120,
using additional through-vias 108, conductive lines 160 and
168, and vias 162 and 164 1n accordance with embodiments,
not shown in the drawings. The through-vias 108 may be
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disposed directly under the bumps 126 or disposed proximate
the bumps 126, and the fuses 120 and conductive segments
114 may be spread out away from the bumps 126 in the layout,
for example. FIG. 7 also 1illustrates a possible shape of the
contact pad 112 for the bumps 126 1n a bottom view. The
shape of the contact pad 112 may be trapezoidal, square,
rectangular, circular, or other shapes, as examples.

Note that the plurality of bumps 124a, 1245, and 124c¢
described herein may be coupled to different electrical con-
nections of an integrated circuit die 130, or alternatively, the
plurality of bumps 124a, 1245, and 124¢ may be coupled to
the same electrical connection of the integrated circuit die
130, providing redundant connections for a single bump 126,
in accordance with some embodiments.

FIG. 8 1s a top view of a portion of the interposer 100 shown
in FIG. 6, illustrating a conductive segment 1145. A via 1645
disposed beneath the conductive segment 1146 and a bump
1245 disposed above the conductive segment 1145 are shown
in phantom 1n FIG. 8.

Referring next to FIG. 9, during normal operation of a
packaged semiconductor device 136, current may be applied
through the interposer 100 by applying a voltage across bump
126 and bumps 124a, 1245, and/or 124¢. As an example for
bump 124q, the current tlows from bump 124a through con-
ductive segment 1144 including tuse 1204, through-via 164a,
conductive line 160c¢, via 1625, conductive line 1605, via
162a, and conductive line 160a, then through through-via
108a, through contact pad 112, to bump 126. A fuse 120aq,
12056, or 120¢ of embodiments of the present disclosure 1s
programmed or “blown” by applying a laser beam, laser
energy, laser pulse, or other form of high energy directly
towards the intended fuse 120a, 1205, or 120c.

For example, FIG. 9 shows a cross-sectional view of the
interposer 100 shown 1n FIG. 6 after a laser has been used to
program one of the fuses 1205'. The laser energy 170 directed
towards the fuse 1205' causes a break 172 1n the thin fuse
12056' and prohibits current flow from the associated bump
1246 to bump 126. FIG. 10 1s a top view of a conductive
segment 1145 including the programmed fuse 12056' shown 1n
FIG. 9. FIGS. 11 and 12 show schematic representations of
fuses 120 and 120" of embodiments of the present disclosure,
before programming at 120, and after programming at 120",
respectively.

Embodiments of the present disclosure include interposers
100, methods of forming the interposers 100 described
herein, and also packaged semiconductor devices 136 includ-
ing the interposers 100.

Advantages of embodiments of the disclosure include pro-
viding novel interposers 100. The fuses 120q, 1205, and 120c¢
are easily implementable in manufacturing process tlows for
the interposers 100. The fuses 120a, 1205, or 120¢ may be
blown or programmed either before, or after, packaging a
semiconductor device. The fuses 120a, 1205, or 120c¢ are
casily programmable using a laser or other high energy pulse,
for example. The fuses 120a, 1205, and 120¢ are multi-pur-
pose and provide multiple current paths for the interposers
100.

The ability to blow the fuses 120a, 1206, or 120c¢ allows an
increase in the manufacturing yields and packaging yields for
the interposers 100 quickly and effectively without additional
costs. Non-functioning or unwanted portions of the inter-
poser 100 and/or the integrated circuit die 130 packaged using,
the interposer 100 may be disconnected by programming or
blowing the fuses 120a, 1206, or 120c¢. The fuses 120a,1205,
or 120¢ may be programmed and used for circuit repair to
replace failing or failed circuits with spare, redundant circuits
or wiring that are formed elsewhere over the substrate 102 or
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on the die 130, not shown 1n the drawings. The fuses 120aq,
1205, or 120¢ may also be programmed to 1ncrease the num-
ber of usable portions of the interposers 100, as examples.

Advantageously, only one of the plurality of fuses 120aq,
12056, or 120¢, two or more fuses 120q, 12058, or 120¢, or all

of the fuses 120a, 12056, or 120¢ coupled to the bump 126 by
through-vias 108a, 10856, and/or 108¢, respectively, may be
programmed or blown, allowing a great deal of flexibility to
IC designers and end users.

The mterposers 100 described herein may be used to pack-
age 3DICs and other types of semiconductor packages. The
interposers 100 may be used for through-interposer stacking
(TIS) and may advantageously utilize bumps 126 comprising,
C4 bumps and bumps 124q, 1245, and 124¢ comprising
micro-bumps in some embodiments, as other examples. Mul-
tiple through-vias 108a, 1085, and 108¢ and fuses 120aq,
1205, and 120¢ may be coupled to single bumps 126 1n
particular targeted weak areas of a design 1n order to resolve
packaging vield 1ssues, 1n some applications.

In accordance with one embodiment of the present disclo-
sure, an interposer includes a substrate, a contact pad dis-
posed on the substrate, and a first through-via 1n the substrate
coupled to the contact pad. A first fuse 1s coupled to the first
through-via. A second through-via 1n the substrate 1s coupled
to the contact pad, and a second fuse 1s coupled to the second
through-via.

In accordance with another embodiment, an interposer for
packaging a semiconductor device includes a substrate com-
prising a first side and a second side opposite the first side. A
plurality of through-vias 1s disposed in the substrate proxi-
mate the first side, and an interconnect structure 1s disposed in
the substrate proximate the second side. The interconnect
structure includes a plurality of fuses. A contact pad 1s
coupled to at least two of the plurality of through-vias proxi-
mate the first side. Each of the at least two of the plurality of
through-vias 1s coupled to one of the plurality of fuses, and a
bump 1s coupled to the contact pad.

In accordance with yet another embodiment, a method of
manufacturing an interposer for packaging a semiconductor
device includes providing a substrate, and forming a plurality
of through-vias 1n the substrate. A redistribution layer (RDL)
1s formed over the substrate, the RDL including a plurality of
fuses formed therein, each fuse being coupled to one of the
plurality of through-vias. The method i1ncludes coupling a
contact pad to at least two of the plurality of through-vias
coupled to the fuses. A first bump 1s coupled to the contact
pad, and a second bump 1s coupled to each of the plurality of
fuses.

Although embodiments of the present disclosure and their
advantages have been described 1n detail, 1t should be under-
stood that various changes, substitutions and alterations can
be made herein without departing from the spirit and scope of
the disclosure as defined by the appended claims. For
example, 1t will be readily understood by those skilled 1n the
art that many of the features, functions, processes, and mate-
rials described herein may be varied while remaining within
the scope of the present disclosure. Moreover, the scope of the
present application 1s not intended to be limited to the par-
ticular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described in
the specification. As one of ordinary skill in the art waill
readily appreciate from the disclosure of the present disclo-
sure, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to
be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
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the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What 1s claimed 1s:

1. An interposer, comprising;:

a substrate;

a contact pad disposed on a first side of the substrate;

a first through-via 1n the substrate having a first end termi-
nating on and directly contacting the contact pad;

a {irst fuse on a second side of the substrate opposite the
first side and coupled to the first through-via;

a second through-via in the substrate having a first end
terminating on and directly contacting the contact pad;
and

a second fuse on the second side of the substrate and
coupled to the second through-via;

the first fuse 1s connected between a first connecting region
and a second connecting region, and the {irst connecting
region, the second connecting region and the first fuse
are embedded 1n an insulating material layer on the
substrate wherein a width of the first connecting region,
the second connecting region and the first fuse 1s differ-
ent from each other 1n a planar view; and

the second fuse 1s connected between a third connecting
portion and a fourth connecting portion, and the third
connecting portion, the fourth connecting portion and
the second fuse are embedded 1n the msulating material
layer on the substrate wherein a width of the third con-
necting portion, the fourth connecting portion and the
second fuse 1s different from each other in the planar
VIEW.

2. The mterposer according to claim 1, wherein the first
tuse and the second fuse are disposed 1n a redistribution layer
(RDL).

3. The mterposer according to claim 1, further comprising
at least one third through-via having a first end terminating on
the contact pad, and at least one third fuse on the second side
of the substrate, wherein each at least one third fuse 1s coupled
to one of the at least one third through-vias.

4. The mterposer according to claim 1, further comprising,
a first bond pad on the second side of the substrate coupled to
the first fuse and a second bond pad on the second side of the
substrate coupled to the second fuse.

5. The mterposer according to claim 4, further comprising
a first bump coupled to the first bond pad and a second bump
coupled to the second bond pad.

6. The interposer according to claim 3, further comprising
a third bump coupled to the contact pad.

7. The mterposer according to claim 6, wherein the third
bump 1s larger than the first bump and the second bump.

8. The mterposer according to claim 6, wherein the first
bump, the second bump, or the third bump comprise solder.

9. An interposer for packaging a semiconductor device,
comprising:

a substrate comprising a first side and a second side oppo-

site the first side;

a plurality of through-vias disposed in the substrate proxi-
mate the first side;

an 1nterconnect structure disposed 1n the substrate proxi-
mate the second side, the interconnect structure includ-
ing a plurality of fuses;

a contact pad proximate the first side, wherein at least two
of the plurality of through-vias land on and directly
contact the contact pad, each of the at least two of the
plurality of through-vias being coupled to a respective
one of the plurality of fuses;
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a bump coupled to the contact pad;

a first fuse of the plurality of fuses 1s connected between a
first connecting region and a second connecting region,
and the first connecting region, the second connecting,
region and the first fuse are embedded 1n an nsulating
material layer 1n the interconnect structure wherein a
width of the first connecting region, the second connect-
ing region and the first fuse 1s different from each other
in a planar view; and

a second fuse of the plurality of fuses 1s connected between
a third connecting region and a fourth connecting region,
and the third connecting region, the fourth connecting
region and the second fuse are embedded in the insulat-
ing material layer 1n the interconnect structure wherein a
width of the third connecting region, the fourth connect-
ing region and the second fuse 1s different from each
other 1n the planar view.

10. The interposer according to claim 9, wherein the sub-

strate 1s substantially free of integrated circuit devices.

11. The interposer according to claim 9, wherein the inter-
poser comprises a three dimensional integrated circuit
(3DIC) interposer.

12. The interposer according to claim 9, wherein the plu-
rality of fuses 1s programmable using a laser, before or after
an integrated circuit 1s packaged using the interposer.

13. The mterposer according to claim 9, wherein the bump
comprises a first bump, further comprising an under-ball met-
allization (UBM) structure coupled to the interconnect struc-
ture and a plurality of second bumps coupled to the UBM
structure, and wherein portions of the UBM structure are
coupled to the plurality of fuses coupled to the at least two of
the plurality of through-vias.

14. The terposer according to claim 13, wherein the
plurality of second bumps 1s coupleable to an 1integrated cir-
cuit die.

15. The mterposer according to claim 13, wherein the first
bump 1s coupleable to a substrate, a printed circuit board
(PCB), or an integrated circuit die.

16. A semiconductor device packaged using the interposer
according to claim 13, wherein a plurality of contacts of an
integrated circuit die 1s electrically coupled to the plurality of
second bumps.

17. The packaged semiconductor device according to
claim 16, further comprising an under-fill material disposed
under the mtegrated circuit die.

18. The packaged semiconductor device according to
claim 16, further comprising a molding compound disposed
over the mtegrated circuit die and the interposer.

19. A method of manufacturing an interposer for packaging
a semiconductor device, the method comprising:

providing a substrate;

forming a plurality of through-vias in the substrate;

forming a redistribution layer (RDL) over the substrate, the
RDL including a plurality of fuses formed therein, each
fuse being coupled to one of the plurality of through-vias
and each fuse being formed proximate a first surface of
the substrate;

forming a contact pad proximate a second surface of the
substrate opposite the first surface of the substrate, the
contact pad being formed and directly on at least two of
the plurality of through-vias coupled to the fuses;

coupling a first bump to the contact pad;

coupling a respective second bump to each of the plurality
of fuses:

a first Tuse of the plurality of fuses 1s connected between a
first connecting region and a second connecting region,
and the first connecting region, the second connecting
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region and the first fuse are embedded 1n an insulating
material layer 1n the RDL wherein a width of the first
connecting region, the second connecting region and the
first fuse 1s different from each other in a planar view;
and 5
a second fuse ol the plurality of fuses 1s connected between
a third connecting region and a fourth connecting region,
and the third connecting region, the fourth connecting
region and the second fuse are embedded 1n the msulat-
ing material layer in the RDL wherein a width of the 10
third connecting region, the fourth connecting region
and the second fuse 1s different from each other 1n the
planar view.

20. The method according to claim 19, further comprising,
coupling each fuse to one of the plurality of through-vias 15
using at least one conductive line, at least one via, or a com-
bination thereof disposed 1n the substrate.
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